












































To	 investigate	 same	 day	 repeated	 measures	 and	 diurnal	 variation	 of	 arterial	 stiffness,	
cardiac	 output	 (CO),	 stroke	 volume	 (SV)	 and	 total	 peripheral	 resistance	 (TPR)	 during	 the	
third	trimester	of	normal	pregnancy.			
Methodology	
Pulse	 wave	 velocity	 (PWV)	 and	 augmentation	 index	 (AIx)	 were	 recorded	 using	 the	
Arteriograph®,	 while	 CO,	 SV	 and	 TPR	 were	 recorded	 using	 NICOM®.	 The	 measurements	
were	obtained	in	the	third	trimester	of	pregnancy	from	21	healthy	pregnant	women	at	four	




Diurnal	measurements	 of	 arterial	 stiffness	 for	 brachial	 AIx,	 aortic	 AIx	 and	 PWV	were	 not	
statistically	significantly	different	at	any	of	the	four	time	points.	Estimated	means	(standard	
deviation)	for	PWV	at	the	four	stated	time	points	were	7.81	(2.05),	8.45	(1.68),	7.87	(1.74)	
and	 7.64	m/s	 (1.15),	 respectively,	 (p=0.267).	 Estimates	 for	 AIx	 at	 those	 time	 points	were	
10.22	(15.62),	4.44	(10.07),	6.49	(10.92)	and	8.40%	(8.16),	respectively,	(p=0.295).	Similarly,	
Mean	 Arterial	 Pressure	 (MAP),	 Stroke	 Volume	 (SV),	 Stroke	 Volume	 Index	 (SVI)	 and	 Total	




Mean	 (standard	 deviation)	 CO	 estimates	 at	 the	 four	 stated	 time	 points	were	 5.90	 (1.33),	
6.38	 (1.49),	 6.18	 (1.43)	 and	 5.80	 ml/min	 (1.19),	 respectively	 (p<0.001),	 while	 mean	 CI	
estimates	were	3.65	 (0.58),	3.93(0.68),	3.81	 (0.65),	and	3.57	 (0.48),	 respectively	 (p<0.001)	
and	mean	HR	estimates	were	95	(12),	98	(13),	95	(12)	and	88	(12.98),	respectively	(p<0.001).		
Triplicate	measurements	of	61	women	in	our	repeatability	study	showed	moderate	to	high	
correlation	 between	 observations	 on	 the	 same	 woman	 for	 all	 Arteriograph	 and	 NICOM	
variables	(estimates	of	intraclass	correlation	ranged	from	0.49	to	0.91).	
Conclusion	
With	 the	exception	of	CO,	CI	 and	HR	which	 showed	a	diurnal	 variation,	measurements	of	
most	 haemodynamic	 parameters	 did	 not	 change	 significantly	 from	 morning	 to	 midnight	










































































































individual	 measurements	 in	 Figure	 1.	 Among	 cardiac	 output	 variables	 measured,	 Mean	






















































































With	the	exception	of	CO,	diurnal	measurements	of	 these	variables	 in	young	healthy	 low-
risk	pregnant	women	 in	 their	 third	 trimester	did	not	change	significantly	 from	morning	 to	
midnight.	 Multiple	 consecutive	 measurements	 of	 vascular	 stiffness	 and	 non-invasive	 CO	
measurements	 on	 the	 same	 woman	 in	 the	 third	 trimester	 of	 pregnancy	 were	 highly	
correlated,	confirming	excellent	repeatability	of	measurements.	 	Given	the	 increase	 in	 the	
use	 of	 non-invasive	 haemodynamic	 monitors,	 results	 have	 great	 implications	 for	 clinical	
research	and	application	in	clinical	practice.	We	propose	that	it	is	not	mandatory	to	measure	






















































































































































































































P-value	 <0.001	 <0.001	 0.5063	 0.582	 0.071	 <0.001	 0.307	 0.077	 0.295	 0.267	




























































	 	 	 	 	 	 	 	
Time	 	 	 	 	 	 	 	
Time	1	
	(0	min)	 7.43	(1.50)	 3.99	(0.59)	 83.25	(18.98)	 44.4	(7.99)	 -65.78	(17.69)	 4.09	(8.87)	 8.14	(1.53)	
Time	2	
	(5	min)	 7.28	(1.61)	 3.97	(0.58)	 82.59	(19.03)	
44.31	
(8.36)	 -66.84	(16.39)	 3.80	(8.30)	 8.09	(1.28)	
Time	3		
	(10	min)	 7.39	(1.35)	 3.97	(0.56)	 83	(18.27)	 44.1	(9.07)	 -60.85	(27.31)	 5.15	(8.03)	 8.11	(1.86)	
P-value	 0.756	 0.708	 0.818	 0.686	 0.136	 0.450	 0.638	
	 	 	 	 	 	 	 	
ICC	(95%	lower,	
upper	CI)	
0.80	(0.62,	
0.90)	 0.78	(0.64,	0.85)	
0.91	(0.85,	
0.94)	
0.80	(0.63,	
0.89)	
0.49	(0.23,	
0.76)	
0.67	(0.40,	
0.83)	 0.79	(0.58,	0.91)	
	
	
		
	 	
	Figure	1:	Measurements	of	Arteriograph	and	NICOM	variables	of	21	patients	(points)	at	four	time	
points	(morning,	afternoon,	evening	and	midnight)	with	the	corresponding	box	plots	showing	the	
median	and	interquartile	range		
	
	
Br	Aix:	Brachial	augmentation	index;	Ao	Aix:	Aortic	augmentation	index;	Ao	PWV:	Aortic	pulse	wave	
velocity;	CO:	Cardiac	output;	CI:	Cardiac	Index;	SVI:	Stroke	volume	index	
Points	with	the	same	colour	represent	data	from	the	same	patient.	
	
	
	
	 	
	Figure	2:	Measurements	of	Arteriograph®	and	NICOM®	variables	of	all	67	patients	(points)	over	
three	successive		measurements	(1,	2,	3)	where	triplicate	measurements	on	the	same	patient	are	
joined	by	dotted	lines	to	demonstrate	the	consistency	in	repeatable	measurements.	The	bold	red	
line	connects	the	mean	values	at	each	of	the	measurement	points.		
	
	
Points	and	lines	with	the	same	colour	represent	data	from	the	same	patient.	 	
Figure	3:	Measurements	of	Arteriograph®	and	NICOM	®variables	of	all	67	patients	(points)		over	
three		successive		measurements	(1,	2,	3)	along	with	the	corresponding	box	plots	showing	the	
median	and	interquartile	range	
				
	
Br	Aix:	Brachial	augmentation	index;	Ao	Aix:	Aortic	augmentation	index;	Ao	PWV:	Aortic	pulse	wave	
velocity;	CO:	Cardiac	output;	CI:	Cardiac	Index;	SVI:	Stroke	volume	index.	
Points	with	the	same	colour	represent	data	from	the	same	patient.	
	
